Neonatal physeal fracture of the distal femur is often difficult to diagnose. Timely and accurate diagnosis and appropriate therapy are critical in order to avoid permanent morbidity and dysfunction of the affected limb. We describe an infant in whom closed reduction and pinning were required in order to assure a good outcome.
INTRODUCTION
Physeal fractures in neonates are difficult to diagnose. They occur rarely and often are not easily detectable on radiographs. Suspicion of this injury usually arises when an infant demonstrates immobility of the affected extremity or painful mobility or local signs, including redness and swelling. As a result of such local clinical findings, the examining physician will often consider bacterial osteomyelitis as the primary diagnosis. It is critical to establish the correct diagnosis in a timely fashion in order to institute proper management and avoid permanent deformity and limitation of function.
We recently managed an infant with femoral physeal fracture in whom the clinical findings initially were subtle. It was only when preparations were instituted for a circumcision that the infant demonstrated significant discomfort and pain, prompting a ''sepsis workup'' and initiation of parenteral antibiotics.
Consultation with a pediatric orthopedic surgeon led to imaging studies and establishment of the correct diagnosis of femoral physeal fracture. We report this case for several reasons: First, because of the rare occurrence of this lesion; second, to review the profile of perinatal historical and clinical findings that should prompt early consideration and documentation of this diagnosis; and third, to suggest the option of surgical treatment when the lesion appears unstable following attempted closed, non-surgical reduction.
CASE REPORT
This 4205 g, large-for-gestational age male was delivered vaginally following a complete breech presentation. The delivery was reported as precipitous. The infant was born to a 34-year-old G5 T3 P0 A1 L3 married Hispanic mother after 40-4/7 weeks gestation. The mother gave a history of previously delivering three full-term infants vaginally in Mexico. These infants had birth weights of 4100, 4100 and 3900 g, respectively. According to the mother, all of her labors were ''short and very fast,'' with none followed by any neonatal problems. During the current pregnancy she received prenatal care in the United States. There was no known history of diabetes mellitus. The pregnancy was uncomplicated until the day of delivery, when the mother arrived at the referring hospital fully dilated following spontaneous rupture of membranes at home. At delivery, amniotic fluid was meconium-stained. The infant was delivered following complete breech presentation within 10 minutes after the mother arrived at the hospital. Total length of labor was unclear, but the second stage was approximately 10 minutes. Apgar score was 8 and 9 at 1 and 5 minutes, respectively. Initial physical examination of the infant was unremarkable except for legs which were hyperflexed at the hips and hyperextended at the knees. In addition, bruising was noted in the right scrotum and groin.
At approximately 22 hours of age, the infant was noticed by nursing personnel to be very irritable and crying inconsolably despite adequate feedings. These signs were especially prominent during handling of the lower extremities. The infant was transferred to the special care nursery, where physical examination revealed swelling above the left knee. A sepsis workup was initiated, and IV ampicillin and gentamicin were started. X-rays of the lower extremities demonstrated a displaced distal femoral physeal (Salter type 1) fracture on the left side and a nondisplaced distal femoral physeal (Salter type 2) fracture on the right side ( Figure 1) . A pediatric orthopedic surgeon was consulted. At this time, immobilization of the right-sided fracture was not undertaken, since it was nondisplaced and stable. Subsequently (during the third day), the infant's right lower extremity was placed in a soft dressing. Attempted closed reduction and placement of a soft cast at the bedside for the left side was considered unsuccessful, as postreduction radiographs revealed no change. Accordingly, the infant was transferred to our level 3 neonatal intensive care unit for correction of the fracture under anesthesia.
The infant was taken to surgery at approximately 50 hours of age, where under general anesthesia under fluoroscopy, the personality of the fracture was evaluated. The fracture was considered quite unstable, and was reduced anatomically with full extension and pressure applied to the popliteal fossa (Figure 2 ). When the extremity was immobilized in this position, there was moderate loss of alignment and moderate vascular embarrassment due to the size of the extremity and extremes of positioning and molding (Figure 3 ). At this point, the cast was removed, the leg was prepared and draped, and one 0.045 Kirschner wire was placed on the first attempt, providing secure fixation with the fracture fragments held in an anatomic position (Figures 4a and b) . The wire was covered and the leg was immobilized. The infant was discharged home on the 8th day of life. Prior to discharge, his right leg was placed in a ''Webril'' cast.
At a postoperative follow-up 2 weeks following surgery, radiographs demonstrated healing callus. Accordingly, the Kirschner wire was removed and the infant was placed back into a soft cast for two additional weeks. Evaluation four weeks following surgery revealed complete healing, and cast immobilization was discontinued. Orthopedic follow-up at nearly 20 months of age revealed a normal physical examination, with no leg length discrepancy. The child was walking without limitations. Plain radiographs were felt to be entirely normal ( Figure 5 ).
DISCUSSION
Physeal fractures in neonatal patients occur rarely. When such fractures involve the femur, they may occur either proximally or distally, with physical findings often suggesting septic arthritis or osteomyelitis. As a result, diagnosis is often delayed. Since utilization of physical findings alone may prevent timely diagnosis, plain radiographs should be obtained immediately.
1,2
In some patients, standard radiographs may not clearly identify an epiphyseal injury, contributing further to a delayed diagnosis. This is particularly a problem with fractures entirely restricted to the epiphyseal cartilage. If the fracture extends through part of the metaphysis, a tiny bone fragment separates and may appear on the standard radiograph. 1 Recent utilization of ultrasonography, [3] [4] [5] or computed tomography 2 and magnetic resonance imaging (MRI) 2, 5 have offered promise in facilitating a more timely diagnosis. Consideration of specific high-risk perinatal factors may also lead to earlier suspicion of this lesion. These factors include breech presentation, macrosomia, difficult vaginal delivery or precipitous delivery. In addition, absence of conditions which predispose to sepsis (including maternal chorioamnionitis, prolonged rupture of membranes, and maternal chills and fever), should diminish the physician's consideration of a diagnosis of septic arthritis or osteomyelitis. Furthermore, it is highly unlikely for septic arthritis or osteomyelitis to present on the first day of life.
Specific local signs in the baby that suggest trauma, including swelling and bruising, with pain and limitation of motion, should make one consider physeal fracture rather than septic arthritis and osteomyelitis. However, rarely an infant may develop infection concurrent with physeal fracture. 6 Additional clues suggesting trauma in this infant include the mother's previous history of ''very fast'' labors and deliveries and previous macrosomic babies, as well as this infant's precipitous vaginal delivery within 10 minutes of the mother's arrival at the hospital. As expected, following a complete breech presentation, initial physical examination revealed hyperflexion at the hip joints and bruising in the right scrotum and groin, findings which should have suggested a traumatic lesion rather than a septic process. Although the infant did relatively well during the first day of life, increased irritability and crying during handling of the lower extremities and during restraint for circumcision ultimately led to an evaluation for sepsis and subsequently orthopedic consultation. Radiographic examination of the lower extremities then demonstrated the physeal femoral fractures.
The mechanism of these injuries has received considerable attention. One etiologic factor that has been documented is prolonged, sudden or forced traction of the limbs during delivery. 5 However, physeal fracture has occurred following uncomplicated cesarean delivery, 5 suggesting that other factors may be operative. It is possible, as in our patient, that the infant sustained the lesions in utero prior to delivery, because of the presence of extreme hyperflexion at the hips and hyperextension at the knees.
Previous descriptions in the literature of neonatal physeal femoral fracture suggest easy closed reduction with an excellent outcome. 5, 7 However, the attempt to treat this baby with simple closed reduction was unsuccessful. The surgeon (AK) felt that the affected limb was too unstable. Consequently, the infant was taken to the operating room for closed reduction and pinning under general anesthesia. The immediate result was excellent, as was follow-up at 1 year of age.
It is important to individualize treatment in order to achieve a functionally normal outcome. Early orthopedic consultation is mandatory. If diagnosis is made early and instability at the fracture site is appreciated, closed reduction and pinning for 2 weeks appears to be a rational strategy. While the literature 7 advocates that formal reduction is not necessary since spontaneous remodeling is expected to correct any deformity, the same authors document 4 of seven patients who developed significant limb discrepancy (i.e., greater than 2.4 cm) or who required epiphysiodesis. Patients who present late (i.e., weeks to months after delivery) may be treated more conservatively because of signs of spontaneous healing and remodeling. 8 However, prospectively it is difficult to be certain of the outcome. Thus aggressive surgical intervention should be considered when the orthopedic surgeon documents instability following attempted nonsurgical reduction. It is also critical to make this diagnosis in the nursery setting in order to avoid later suspicion of the parents for possible child abuse and nonaccidental injury.
While follow-up at 20 months of age is not sufficient to absolutely prove absence of a growth plate injury, normal physical and radiographic findings probably bode well for this patient. However, at this point continued clinical follow-up seems prudent. If during a subsequent clinical evaluation, findings are equivocal, MRI would be indicated. Ecklund and Jaramillo 9,10 have demonstrated the superior detail provided by MRI in revealing growth disturbances and other abnormalities that may result from physeal injuries.
